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BLOOD PRESSURE-DEPENDENT  
CHANGES IN PLASMA VOLUME,  
GLYCOCALYX AND PLATELET  

FUNCTION DURING ANAESTHESIA 

CLINICAL AND EXPERIMENTAL STUDIES



Blood pressure-dependent changes in plasma volume, glycocalyx and platelet  
function during anaesthesia – Clinical and experimental studies

Tor Damén, Department of Anaesthesiology and Intensive Care Medicine, Institute of 
Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, Sweden

Abstract 
Background: Worldwide, more than 300 million surgeries are performed each year. General 
anaesthesia provides the surgical patient with a state of controlled loss of sensation and awa-
reness. It is common that general anaesthesia causes hypotension. Anaesthesia-induced hypo-
tension is associated with haemodilution and increased plasma volume (PV). The increased 
PV could potentially release atrial natriuretic peptide (ANP) that is suspected to degrade the 
endothelial glycocalyx (EG) layer.
Aims: To explore physiological and pathophysiological mechanisms resulting from anaest-
hesia-related hypotension we: 1) investigated the magnitude and dynamics of PV expansion 
secondary to anaesthesia induction; 2) assessed whether anaesthesia induction-related increase 
in PV could be attenuated by maintaining the mean arterial pressure (MAP) at pre-induction 
levels with norepinephrine (NE) infusion; 3) evaluated the consequences of anaesthesia indu-
ction-related PV expansion on the release of ANP and its effects on the EG. We also investi-
gated whether exogenous administration of ANP caused degradation of the EG. Finally, we 
investigated the effect of NE infusion on platelet function and clot formation.
Methods: We conducted two prospective, randomised, single-centre studies on patients that 
underwent elective coronary artery bypass grafting (CABG). The patients were randomised 
to maintain pre-induction MAP (intervention group) or MAP 60 mm Hg (control group) by 
titration of NE. Baseline PV was measured by 125I-albumin and the change in PV was calcu-
lated from the change in haematocrit (Hct). Changes in Mid Regional-pro Atrial Natriuretic 
Peptide (MR-proANP) and EG-components were measured. 

In a prospective, randomised, blinded, experimental study, 20 pigs were randomised to 
receive an infusion of either ANP or NaCl. Changes in EG components, Hct, calculated PV 
and colloid osmotic pressure (COP) were measured. 

Platelet aggregation was assessed with impedance aggregometry and clot formation with 
rotational thromboelastometry in study IV.
Results: Lower MAP, (60 mm Hg) secondary to anaesthesia induction increased the PV by 
12%, while the PV increased by 2,6% in the intervention group with maintained pre-operative 
MAP. MR-proANP increased in the group with lower MAP but no degradation of the EG was 
detected. There was no increase in EG components secondary to an infusion of ANP, but the 
PV decreased. Intraoperative NE infusion improved platelet aggregation and clot formation.
Conclusions: Haematocrit decreased and plasma volume increased shortly after anaesthesia 
induction caused hypotension. The increase in plasma volume could be prevented by main-
taining pre-induction blood pressure levels with a norepinephrine infusion. No ANP-induced 
degradation of the EG was detected. Norepinephrine could contribute to a better periopera-
tive haemostasis. 
Keywords: Anaesthesia, blood pressure, hypotension, norepinephrine, haematocrit, plasma 
volume, atrial natriuretic peptide, glycocalyx, platelet aggregation
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